Issue addressed: To explore and describe the social-environmental influence upon the likelihood of smoking tobacco for the Australian experience, in particular, Victoria.
Introduction
The nefarious consequences of smoking tobacco are well established and the litany of diseases caused or exacerbated by smoking continues to increase. Although the prevalence of smoking is decreasing in Australia, it remains imperative we do everything we can to stop people from starting to smoke and help current smokers to quit.
When reviewing the literature, there is constant reference to individual risk factors that relate to smoking, especially the various measures of socio-economic status such as education, income or work classification. These risk factors demonstrate strong connections; the lower the level of socio-economic status, the greater the likelihood of being a smoker. Indeed, the smoking prevalence among Victorian adults, 2000-02, is 26.8% for regular smokers with Year 11 or lower education, 19 .1% for those with Year 12 or trade qualifications, and 13.4% for those with tertiarylevel education. 1 It is not surprising that the literature is so concentrated on individual risk factors. While it is true that smoking is a behaviour of personal choice, these choices do not happen within a vacuum. The varying impact of our social and cultural domains upon our health and behaviour has been well established within many fields of study; for example, social psychology talks of normative social influence, conformity and group polarisation; 2 sociology talks of social roles and reflexivity;
3 public health talks of social context, social capital and social contagion. 4 Overseas studies have been able to link living in deprived neighbourhoods with increased risk of cardiovascular disease, mortality and illhealth behaviours including smoking. 5, 6 Most smokers find it difficult to quit when their social environment encapsulates a smoking culture, that is, when significant/important others smoke as well. 7, 8 Further, those smokers who are poor and living in areas of high disadvantage may find quitting particularly hard. Indeed, personal disadvantage in conjunction with neighbourhood disadvantage has been linked with higher nicotine dependence. 6 Not only are their neighbourhoods more poorly resourced, stressful and isolated from wider social norms, but personal resources such as social support and networks appear to encourage smoking and be barriers to quitting. 9 Siahpush and Borland 10 examined the effect of the social environment upon smoking status of Australians by including a geographic measure of socio-economic status in their analysis. This measure was found to have a stronger association with the likelihood of smoking than either of the individual-level indicators of education or income. This has important implications in the development of health promotion activities. Problematically, though, there are methodological and theoretical weaknesses of their study that need to be addressed.
Studies generally analyse patterns of risk either within individuals or populations. There are problematic methodological and theoretical issues associated with both approaches. The studies based on individuals cannot be generalised across populations, otherwise known as the atomistic fallacy. 5, 11, 12 Although our social and cultural domains can have a strong influence on our behaviours, we can and do make choices despite, or in spite of, the possible consequences from our social environment; for example, the 1989 protests by the Chinese students leading to the Tianamen Square massacre. Population-based studies cannot be generalised down to individuals, otherwise known as the ecological fallacy; 5, 11, 12 for example, the strong connection between poverty and the higher risk of smoking cannot distinguish those who do become smokers and those who do not.
Alternatively, some studies have tried to incorporate aggregated measures of environment, such as measures of area disadvantage, with individual measures within the same analyses, such as Siahpush and Borland's study 10 mentioned above. Statistical analyses in these studies do not take into account that variables belong to different levels of analysis. This often leads to an over-estimation of the importance of aggregated variables. 13 A recent development in statistical modelling, variously called multilevel modelling, hierarchical modelling or contextual analysis, has the advantage of disentangling the influences of composition from contextual factors. Multilevel analyses avoid the constraints of individual and population-based analyses by explicitly modelling the contributions made from the different levels within these analyses. 11, [14] [15] [16] [17] To date, overseas research considering area effects and smoking prevalence using this technique has yielded mixed results.
The aim of this study was to examine to what degree, if any, are there area effects on smoking status in Australia. This study is the first true multilevel analysis, to the authors' knowledge, examining smoking prevalence in Australia, thus providing insight into the context of the Australian experience. In doing so, five questions will be considered: 
Method
The data concerning individuals came from the annual telephone surveys conducted on behalf of the Cancer Council Victoria. These surveys are conducted at the same time each year to enable accurate estimations of smoking prevalence, quitting behaviour and associated demographics. A more thorough report of the method of data collection has been published elsewhere. 18 In order to provide reliable estimates of both withinneighbourhood and between-neighbourhood differences in multilevel studies, sufficient numbers are needed at each level. 19 For this reason, data for the years 1990 to 1997 were aggregated by postcode. The macro neighbourhood level was partitioned by postcode based upon the same reasoning. Since smoking prevalence of adults and the uptake of smoking by adolescents remained stable for those years, 20 it was reasoned that the risk of confounding resulting from the amalgamation was minimal. Following the logic presented by Kreft and De Leuw 21 to ensure high power in the analysis, a minimum of 20 persons within each macro-level two unit of postcode was chosen.
The decision of which individual variables (micro-level units) to include was influenced by both previous studies and available data. Demographics of the individuals included gender, age, marital status, highest educational level achieved and origin of birth. In most cases, these variables originally consisted of numerous subcategories that were then reduced, in the interest of parsimony. The 'least-likely to smoke' subcategory of each variable became the reference group as per normal preparation for regression analyses. Both SPSS v12.01 and MlwiN v2.0 were used. The dependent variable was the binary variable of smoker or not.
The independent variable of disadvantage associated with the macro-level units was the Socio-Economic Index of Areas (SEIFA), compiled by the Australian Bureau of Statistics (ABS). The SEIFA, based on Census data, includes attributes such as the proportion of low household income, low educational attainment, high unemployment and jobs in relatively unskilled occupations. The ABS standardise the measure so that the Australia-wide average is 1,000; areas with a score below 1,000 can be considered lower than the Australian average, areas with a score above 1,000 can be considered higher than the Australian average. The SEIFA scale was recoded into four ranks with 0 for most disadvantaged neighbourhoods to 4 for the least disadvantaged neighbourhoods.
Analysis
A multilevel framework, in MLWiN v2.0, was used to examine the influences of individual and neighbourhood characteristics on the likelihood of smoking. The sequential modelling plan, building increasing complexity within each step, was used as recommended by the MLWin manual. 22 Each step related to a research question as noted below. Given the increasing complexity, separate but identical multilevel frameworks for men and women were conducted to aid interpretation.
The analysis began with a simple two-level model where the overall prevalence of smoking was estimated (called the fixed effect) and the prevalence in each neighbourhood was allowed to vary from this overall value. Since there were no predictors present, this model is called the null or empty model. The level of variation present gave an indication whether it was useful to construct a multilevel model. This model addressed the first question.
This model also provided a baseline for future comparisons. A test of the residual deviance -using the log likelihood (-2LL) statistic -would normally provide a direct measure of the likelihood that the observed data represent the true values and so provide a measure of model fit. Since the dependent variable of smoking is binary, it cannot do this. However, the differences between -2LL in two nested models have a chi-square distribution so one model can be compared with another, with the degrees of freedom based on the change in the number of different parameters, to see if it is a significant improvement over another. 21, 23 In the second step, the socio-demographic variables of the individuals as covariates were included. This model is known alternatively as the variance components model (or random intercept model using individual factors only). This model was used to estimate the overall contribution of the residential neighbourhood on the likelihood of smoking controlling for the characteristics of individuals. This addressed the second question.
The third step built upon model two by now including the level of disadvantage of the residential neighbourhood covariatethe SEIFA rank. This model is used to estimate the unique contribution of neighbourhood disadvantage so was able to address the third question. The degree of change in the estimates for the individual characteristics addressed the fourth question.
Finally, in the fifth step the covariates are allowed to varyrandom slopes or random coefficient model. This model was used to show whether residential neighbourhoods had a differential effect on the covariates of the individuals. This final model addressed the fifth question. Table 1 summarises the demographic characteristics, segregated by gender, of the sample. Overall, 28% of men and 24% of women were current smokers. Model 1 (see Table 2 ) shows the results of the null model where, indeed, residential neighbourhood did have an impact on the likelihood of smoking to a statistically significant degree (p<0.01) for both genders. The neighbourhood-level variation is <5% for both genders. The prevalence of smoking did vary depending upon residential neighbourhood. Tables 3 and 4 -model 2 (in each table) shows the results of the random intercept model for women and men respectively. Here the individual-level variables were entered. As expected, age, education, and ethnicity were all statistically significant in the expected direction for both men and women. This supports the connections between individual characteristics and smoking status of previous research, both in Australia 10 and overseas. [24] [25] [26] The neighbourhood macro-level variation decreased but remained statistically significant for men and women. Based on chi square distribution, comparisons of the -2LL of model 2 for each gender showed a statistically significant improvement in representativeness of the model (p<0.01). Question 2 answer in this study: smoking prevalence did vary independently of individual characteristics. 
Results

Individual covariates outcomes
The odds of smoking were largely consistent for both genders for the categories of age, education, marital status and employment status, although the magnitude varied somewhat. This is particularly evident in the effect of age and employment status, with age having a stronger influence on women and employment status having a stronger influence on men.
Ethnicity and the level of disadvantage of the residential neighbourhood make interesting contrasts. Both men and women born in other English-speaking countries were the most likely to smoke; however, it was women born in non-English speaking countries who were the least likely to smoke while for men it was those born in Australia. The level of deprivation of the residential neighbourhood also had a differential effect on smoking by gender. The odds of smoking were highest in the most disadvantaged neighbourhoods for men, contrasting with women for whom the highest odds were in neighbourhoods of more but not most disadvantage. 
Discussion
On the whole, the results of this study concur with previous research concerning the association between smoking prevalence and individual socio-demographic measures. For both men and women, smoking prevalence was strongly associated with individual characteristics, the most predictive being age. Smoking is evidently more strongly associated with the young. This could be because the older we become, the more time has passed, providing more opportunities to quit.
The analysis also shows that being widowed, divorced or separated was associated with a higher likelihood of being a smoker. It cannot simply be because smokers are more likely to get divorced. The prevalence of smoking is lowest in those who are married or in a de facto relationship, so some smokers seem to quit after forming stable relationships. However, smoking prevalence increases substantially after the breakdown of their relationships, with those who are widowed/divorced/separated surpassing the prevalence of those who are single with an approximately 40% increase for women and approximately 70% increase for men.
Reflecting on possible explanations, these could be because being widowed, divorced or separated can be a very stressful and grief-stricken time. If ex-smokers have not learnt to cope with higher levels of stress without cigarettes, then the likelihood of returning to smoking is increased. It also is a time of being single/unpartnered again, possibly the first time since adolescence. When we are presented with a return to an earlier state, it is also a time we are likely to revert to behaviours associated with that state, that is, when a person is young and single the odds of smoking are higher so when a person is older and becomes single again then the odds of smoking are also likely to increase.
As Myer 2 states:
The In this study, there was an initial small difference in smoking prevalence of less than 5% across postcodes. After the inclusion of individual characteristics, the residential neighbourhood difference reduced to less than 1%, although still statistically significant, suggesting much postcode variation is due to composition. The measures of neighbourhood disadvantage were also significant, suggesting some contextual effects. These results are similar to other multilevel analyses investigating the possible link between smoking prevalence and residing in disadvantaged neighbourhoods, that is, there is a small but statistically significant positive association between neighbourhood disadvantage and smoking prevalence over and above individual characteristics. 24, 26, 27 There have been two multilevel studies where this effect was not found. 25, 28 It is possible to speculate why this may have occurred. In the study conducted in Glasgow, Scotland, individuals were randomly selected from specifically chosen general practices.
28 Specifically choosing the macro-level locality units of general practices removed the ability of the multilevel analysis to model the real world. This lack of randomness of the units of general practice means issues of bias and confound cannot be ruled out.
The other study, conducted in Malmo, Sweden, used individuals residing in administrative areas that were very residentially homogenous neighbourhoods of 3,000-6,000 inhabitants. (The average population count per Victorian postcode is approximately 4,000.) For example, some neighbourhoods consisted of only blocks of flats owned by tenant owners, some neighbourhoods contained only privately owned one-family houses. 25 The homogeneity of residential type within each neighbourhood meant that the between-neighbourhood variation was always likely accounted for by characteristics of the individuals, that is, the types of households occupying those types of residences.
The significance of residential neighbourhood in this study was statistically significant but the variance was of modest size. It could therefore be argued that residential neighbourhood was not 'clinically significant' but was just a product of the large sample size used. The counter argument is that while the difference is small, even 1% difference can mean anything from a dozen to some hundreds of smokers -depending upon the population size within each postcode. Moreover, this method of analysis is designed to model the real world, so it is explorative and descriptive in nature rather than evaluating or comparing therapies or techniques so there is no 'clinical'. This study supports the idea of clustering of smoking prevalence by residential neighbourhood. The level of disadvantage of the residential neighbourhood had a unique but modest influence in the likelihood of smoking for both men and women. As the level of disadvantage increased within the residential neighbourhood, so did the odds of smoking for both men and women; however, the effect was not consistent. The odds of smoking were highest in the most disadvantaged areas for men, contrasting with women for whom the highest odds were in areas of more disadvantage but not most disadvantage. Indeed, residential neighbourhood seems less important for women as a whole, suggesting differential influences according to gender. This may be because the level of disadvantage of residential neighbourhood has less effect than first thought or the measure (SEIFA) used in this study did not really capture that aspect of the social environment that influences smoking prevalence.
The results of this study may help to explain the limited success of community-based campaigns designed to reduce smoking prevalence as found by Seck-Waller and associates' meta-search of some 32 studies whose community-based interventions defined community as geography-based, with community populations ranging from a couple of thousand to some hundreds of thousands. 29 These studies, for the most part, did not target specific subgroups, preferring a homogenous approach, so a uniform impact of context was assumed. However, roughly half of the studies did indicate participants were of a single ethnicity or race such as Vietnamese Americans, Mexican Americans, African Americans or simply white. These studies seemed no more successful in outcomes than any of the others. Interestingly, those studies that targeted those of minority status, such as Vietnamese Americans or Mexican Americans, seemed like they could be more successful, but the small number of these studies precludes generalisations. The partitioning of the macro level 2 residential neighbourhoods at the level of postcode in this study could have compromised the ability of the model to capture the effects of the social environment. As can be seen in the study by Subramanian and colleagues, 30 what level stratification used -household, village, district or State in their case -can have a differential effect on smoking prevalence depending upon which layer of the onion is considered. Future studies, using different representations of neighbourhoods or communities (excluding geography), would be useful in offering insight into which part of the social environment influences smoking prevalence. Finally, the crosssectional nature of the data employed in this study does not allow drawing causal inferences about the relationship between neighbourhood disadvantage and smoking behaviour. A longitudinal study would be more appropriate for indicating a causal effect of living in a disadvantaged neighbourhood on the likelihood of taking up smoking or quitting.
